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(57) Abstract: A thick film millimeter wave 
transceiver module includes a base plate and a 
mulli-layer substrate board having a plurality 
of layers of low temperature transfer tape 
received on the base plate. The different layers 
can vary. They can include a DC signals 
layer having signal tracks in connection; a 
ground layer having ground connections; a 
device layer having capacitors and resistors 
embedded therein; and a top layer having 
cut-outs for receiving MMIC chips therein. 
A solder preform layer is located between the 
device layer and the lop layer for securing 
any MMIC chips. A channelization plate is 
received over the mu Hi -layer substrate board 
and a channel is formed to receive MMIC 
chips and provide isolation between transmit 
and receive signals. 
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THICK FIIiM MILLIMETER WAVE TRANSCEIVER MODULE 

Related Application 

This application is based upon prior filed 
copending provisional application Serial No. 60/231,926 
filed September 11, 2000. 

Field of the Invention 
This invention relates to microwave 
monolithic integrated circuits (MMIC) , and more 
particularly, this invention relates to modules having 
5 a microwave monolithic integrated circuit that can be 
tuned for optimum performance and improved packaging of 
a MMIC and transceiver module. 

Background of the Invention 
The recent explosion in wireless 
10 telecommunications has increased the demand for high 
performance millimeter wave radio frequency (RF) 
modules. One of the major cost and yield drivers for 
high frequency MMIC modules has been manual tuning to 
optimize module performance. The majority of MMIC RF 
15 amplifiers are not self biased. Therefore, each 

amplifier requires gate voltage (Vg) adjustment to tune 
the amplifier to its nominal operating conditions. 
This tuning normally occurs after the amplifiers have 
been assembled in the module and are connected to the 
20 power supply. 

In order to have access to the chips in the 
module, probe stations are required. In addition, 
highly skilled operators are necessary to probe these 
small devices under a microscope. Damage to the chips 
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i_s /very :commori<, even with veteran MMIC technicians. 
The needle-like probes used in the 'tuning cost 
thousands of .dollars, and usually have a . limited life 
because of: wear—arid tear:'- It" is estimated that it 
5;. takes 20 to : 30' minutes to probe' each' amplifier. 

• :'v,f". l- 'Many- 'attempts -have been made to automate the 
probing process 7 ^aTid : there has' been- some- limited 
. success. 1 - The/ time and- co'st/' however, involved' in 
designing /and/ uS-ing^ automatic module probing is 
10 extensive . ^ in most:- case s> - unique module designs 

-prevent" the use of : a- particular automatic probe station 

- forbore than^" a 's r -ingle ^module i- These drawbacks have 
presented. a" challenge -to many companies active in 
designing and ^manufacturing .RF- modules . As a result, 

15 ..; /high frequency:' modules are not produced in high volume. 
'-/..In most.eases?: itianuf ac€urei?s -are -forced to use ! 
^■. expensive -/ecjuipmeritvarid- a large staff of qualified 
: > technicians -to -manufacture ^large numbers of RF modules. 

Ghi-p packaging for MMIC chips also is 
20 increasingly important. - MMIC radio frequency modules 

- have never .been manuf actured in * high" - quantity amounts 

• because the MMIC chips 3 : are^ fragile/ typically 2 to 
about 4 mil thick, -arid difficult -to handle. Air 

• bridges/* -located over the -sur face- of the chips, make it 
25 difficult:. i:o -pick "the chips from the- top or exert 

- . pre s sure": ;on: the chips .-'- : - =■ *■*-* 

.'i I: Special pick-up ^bdlS" with pick-in-place 
equipmeut rhave. been used " to^automatically pick-in-place 
the MMIC chips. These tools are expensive to 
30 manuf acture. and usually dif f erent-'MMIC chips require 
.t dif f erenti tools?: ""i-hiS has presented a challenge to 
'.different manufacturing- companies because most 
automatici-pick^in-place .machines are -limited to a 
. limited "number: of tools for MMIC -chips: In some cases, 
35 a manufacturer must use a series of different pick-in- 



WO 02/23674 PCT/USO 1/26965 



. place machines to -assemble . qne radi^.. .frequency module. 
This is -inefficient: r.>> s o\ : - : 

„ These ;MMIC r^dio ^frequency,, moxhiles also are 
built in low ^volume amounts -b^caoa^e. there? am usually a 
5 high number, of MMZG chips,. .subsrt^ate.s f and -peripherals 
... that are -installed .in . .eacI^-HiQdvtJe...- =:For example, a 

.typical mi-lliinete^iyaye: ;^an^ceive-r^^o.uld*r h&ve: about 10 
to afeout,. 15. MM-IC, chips , 1:5^-20 .rpieaea; of ^ufostrate, and 
about 5-(X- : 60_. other pe^iphe^a^ sjic-hf as 

10 resistors- and ^pa^itpe-ps^^- Tftere is also' a- requirement 
that each,, of -the, components,; be. connected via- wire or 
ribbon bonds. -Thi-s h^s- also presented the challenge to 
millimeter wave module manufacturing-, companies 

StanmarV" of the -Invention . I 
15. ; A thick film : millimeter ^waveotransceiver ^ 

module -includesea^bas© -ipieite.vr.oA i^uitielayer substrate m 
board, has a plurality gf blayers.Tiqf Liow - temperature 
transfer tape . received -.Qn^the base Opiate. The layers 
comprise at least*: one ~ of : ia.;;DG signals: layer having 
20 signal - tracks and connections^ a. ground layer having 
ground connections i, , : a device;, layer having capacitors 
and resistors ^embedded ^the^ein, and a top-layer having 
cut-outs for receiving'' _MMIG chips, .therein. * A solder 
preform .laye^r ; is? located between the .device llayer and 
25 the top ,layer- ; for. securing ^any >MMTC chips v. >'A. * 
channelization plate is re.ceivfed over, the multi-layer 
substrate- board , and, Jias; U ch^jipels formed to receive MMIC 
. - . chips and provide osol^tipp bejtweea transmit/, and 
receive -signals. si-:: -.ci s^.r.v- .-1*^ 

30 In V ];yet anothej: aspect, dfn the:: presents 

. invention , . the -module can ijiciudes isolation- vias, which 
extend through multiple,, lay^rsr doWn. to the .ground 
layer. £_radiq frequency .eov v er/is;ireceiyed "Over the 
channelization- plate. Each pf thexlayers within the 
35 mxalti-layer -substrate -board can be^about 2 ..to about 4 



BNSDOCID: <WO 0223674A2J_> 



WO- 02/23674 



PCT/US01/26965 



, mil thick , ,. t v Typieally/the , layers are about 3 mil thick 

and the tc^p - layer ;±s : alpqut : 4 :mil thick. . The. base plate 
, can, be -formed -from _ one c of copper tungsten or other CTE 
matched material..^ The: baseplate is:about 0.1 to about 
5 0.3 inches thick. In yet .another . aspect of the present 
inyention> r , the base, plate is ..about . 0 . 125 inches thick. 

• .; : A method is also [disclosed ~ and comprises 
forming- a thick film millimeter wave transceiver module 
by forming^ a, .base -plate : and f orming :.a-' multi -layer 
10 substrate board having a plurality .of. layers of low 
'^^^J^^M^^^ f jsr 1 age /vv oThe j. substrate, board is 
,. c _ ..-received- on the base plate.- and comprises one of at 
least - a - DC signals layer haying signal tracks and 
>u connections ; r va : ground layer haying ground connections; 
15 ^ ..device flayer,, having capacitors and resistors embedded 
. therein;- and- a; top -layer- haying; ,cut-outs: for. receiving 
. r: MMIC .c : hips ; vrtherein : . The , : MMIC chip. is. secured, by 
- ; .... solder. ,- ■ ; - m ■ , _ .. -■ 

Brief Description of the Drawings 
20 Other objects, features and- advantages of the 

present invention will . become - apparent from the 
detailed description of the invention which follows, 
when- considered in light :of the * accompanying drawings 
. in which :^ r-_ , . «... --.,r 

25 - .FIG. 1 is ca schematic circuit diagram of a 

■•: self -tuned-. millimeter wave transceiver module -of the 
; present:- ^invention. ; : r..y:. * ~ - < . 

■=V : - - :i.ToJFI6'.:S2 is an exploded isometric view ^of a 
mierpwave monolithic integrated circuit -(MMIC) -package 
30 of the present invention. ~ 

\\b:.T* : :.^-;:z *F£Gv is :a plan view* of the MMIC package 
shown: in -FIGvv 2\ .•>;. \ . n : v.. : . 

FIG. 2B is a side election view of the MMIC 
packager shown, an- FIG.' -2. ' . : : 
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: FIG. 3 is an expioded^isometrid view : of a 

. • .multi-layer.; . thick f iaimv^ c milliineter -wave radio 

..frequency transceiver ".module, and^shbwing : the- cover, 
;.: or. channelization ::sectioisp multi-layer ^'thic^'- f ilm' section, 
: :5; r and ' the . bottom:: plate. . ' " ■ ■ . r 

, . FIG., ~-4.=ds-:an exploded- isometric* view of the 
~ ~ .various -layers :of Ithe thick film section . 
: - . H-r ' .. : BIG., 5c ...Is .-Htilexplbddd -isbfeetric -view of a 

transceiver module., cand showing- ••the- various \. : 
10 connections;. . i:j l.u *_ : : : r-0\. . j o ■) ,. 

Detailed Description £of the - Fref efececi ^nbbdiments 
The present* ^nventfibh will now be - described 
. more fully hereinafter with 1 re-f eirence to^the r - 
accompanying drawings; - in >whicK" preferred embodiments 
15 : of the. invention are shownL-" ; ^This" invention may, 
iv±-.->z however*, be- embo^l^d^ln- ^many 'diiferSfit forms and should 
not be -construed^ asilamited to- the ri Smbbdiments :: set 
forth herein. Rather, these embodiments are' provided 
so .that thisv^ and complete, 

20 and. will -.fully .conveyi the Tscopd of 'the invention to- 
those skilled: inathe. art . ..' i-Like riumbers refer to like 
elements • throughout . :; :•> ;io.:.: .... ~ 
. . ■■ rThe present invention advantageously 

eliminates manual amplifier probing and module tuning 
.25 in MMIG module -manufacturing . By .lining low cost 

sur face, mount ^devices -and a .micropxoce's : sbr>' the RF 
module performance can be optimized- vin': real : time with 
: no.: intervention f or-.;use;. -in. communications , radar, fiber 
optic, and ..other - RE ^applications -The advantages 
30 include : .. r. . : - „v • •: ' .^^iq • :- u t . < ■ 

■ 1. .... Optimization of RF MMl'C amplifier 

operation without manual or automatic 'probing or 
7 , • : tuning..., ;7 -V ; - •> - r ± = ; ^1 

2. A simple low cost .solution* (<- $1) per 
35 amplifier that eliminates module probing and tuning. 
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— £ :> '^' - ' 3:. ^ "• Self *- tuning tHat requires no die probing 
or: testing. . . ■' - : 

. .:. -\L4„- 'Reduced RF module -assembly a'nd test at 
least by a factor of 5. 
5., • ; ;. r liL. .' i 5 . \.v -Chip, level: self diagnostics . 

, :6VM Transmitter /gain: and output power 

- v co it.rol, without using attenuator chips .- ' • - ■ 
r . ^ - ** i . .7. • temperature-: compensation: without the use 
of f a ctiy:©.* .attenuator . > : . . ; ■ 

19 : L deducing/controlling the DC power 

dissipation - as. a function,, of output power r therefore 
controlling thermal conditions - . . 

. 9- f Testing RF power through the use of a 
power monitor circuit. 
15 1Q. Using an embedded microprocessor for 

continuous real-time optimization of module 
performance,, 

11. User optimization of key module 
performance parameters without circuit design changes* 

20 12. Shutting down the transmitter RF output 
(sleep mode) for safety without switching off the power 
supply. 

13. Upgrading module performance via module 
software upgrade, i.e.," a customer pays only for needed 
25 features'.'' " " ' " * 1 

' 14. Correcting for parts variation as a 
function- of- temperature and frequency using the on 
board EEPROM tcF -store -characteristics data. 
A 2-2 &xg : . 1- illustrates the low cost circuit used 
30 : to. Self :• Bias- the- MMIC amplif iers . ' The entire" circuit 

. _ is implemented: using low cost' commercial off the shelf 
: (COTS)- .surf ace*.mount . chips - 

w . - -r As. illustrated, a schematic "circuit diagram 
of the .^self-tuned, millimeter wave- transceiver module 10 
35 of the -present., invention is .shown. "The module 10 
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... f . includes a radio. ./frequency MMIC chip formed as a module 
and illustrated by the dashed lines .at: 12.«.and a surface 
, : mounted digital microcontroller;, indicated by the 
dashed lines at 14. . .... * *I 

5 -The MMIC. module:- "includes a plurality of" 

amplifiers, as is .typical., with: a MMIC chip, but only 
illustrates one .amplifier -.1:6.:^ The radio frequency 
signal; enters: and i passes^" through a filter 18 and into 
the amplifier 18 having the h6 r rma'l- gatev source and 
10 drain. The radio- f fluency signal p'asses from the 

amplifier 16 into -other-" Amplifiers 16a* x±± "present ) , as 

known to those skilled * in the'* £irt. The MWlC 'chip 12 
can include a large " number ' of amplifiers 16 on one 
chip, as known to those skilled in~ the" art . The 
15 surf ace mounted digital controller 14 includes a 

digital potentiometer 20 'having a nonvolatile memory 
circuit. An example of a potentiometer includes a 
AD5233 circuit, as known to those skilled in the art. 
The potentiometer 20 can handle _a bias voltage of about 
"20 -3 volts. 

A current sensor 22, such as a MAX471 with a 
drain voltage of 3-12 volts, is coupled to ground and 
to the amplifier 16 through the drain. t The current 
sensor 22 is connected to a multi-channe_JL ^sampling, 
25 analog/digital, .^circuit 24, ,sjich as an : AD7812 circuit, 
as known, to those.. s-kil r led„ in- ihe art.tr Other , current 
sensors . connect together amplif iers yinjot± shewn-) and 
. _ connect to., the multi-channe^- A/D circuit 24. A 

... temperature sensor., 26 , is,v : connecte<fc- t.Pc.tbe: tolti-ch'annel 
, .30, sampling- A/D ^ircjiita .^nd,/,is pp£x&t>±3re>:d orlmeasuring the 
temperature of the MMIgrrmodule-^/.TAemicroproces'sor 28 is 
r - included as-, partp of z the . isur face mounted digital 
L . controller, and? operatively " connected" to an EEPROM 29 
and other _ components, including .the multi-channel 
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sampling; A/D ^circuit 24 rand the nonvolatile memory 
. digital, potentiometer -2.0 As shown, the. potentiometer 
20 is connected' to other- amplifiers on the MMIC and can 
step-, gate -voltage- :f or respective amplifiers and provide 
5 J individual control:..: \ -.■ ; 

• , - vf . ■: s" As also.: /illustrated,- the radio frequency 

sign; 1 from the:, amplifier- 16 -can pass from- passive 
: coupler 30 to a-power monitor diode or other- detector 

circuit 32 connected to ground. * ThiV connection from 
10 'passive coupler- 30 can be 1 forwarded to the multi- 
- — channel Sampling. A/D circuit 24.' .' ..' v.LJ 
' v ' X " J , ,J The circuit shown in FIG. ' 1 adjusts 

automatically the amplifier gate voltage (Vg) until the 

amplifier 16 reabtiis its optimum operating condition as 
15 measured by' the' amount of current drawn by the drain 
' is (Id) arid' as "measured "by^'the"'" <fe : '€^ctbr" circuit ' 32 at the 
output of irfie amplifier (if available)'. This is 
achieved b£ bontrollirig (through k serial digital 
interface) the Digital-to-analog (D/A) converter output 
20 voltage generated from potentiometer 20 . The D/A 
converter "includes a 'nonvolatile memory and is 
currently available with four channels for less than $3 
at the current tiihe. ■ • *■= - 

" : As the gate voltage k is varied, the current 
25 sehsbr' ^^ provides a voltage output that is 

proportional to the drain current "drawn by the 
' amplifier' T6. The current * sensor output is digitized 
by the murti- channel ^serial analog-to-digital "converter 
"(A/D) 24 that digitizes the drain current 'level. The 
current level word is compared to a pre-stored optimum 
amplifier drain current level, such as contained in the 
EEPROM* 29. The gate bias level is adjusted until the 
optimum drain current is reached. The detector 
circuit, which is available either on the MMIC chip or 



30 
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could be added externally-, prbvddes coh r f iSmation that 
the drain current setting is ^at: .tiret opt imuih - level by 
measuring the. output :po.werv The. detiector output 32 is 
compared. tb a pre- stored value- ±3rrato defxnesqthe 
5 expected nominal value at theL<xxutp.irt of. .the amplifier. 

- The,.drain^ current . adj-uatmeht , the current 

— : sensing, and detectorr output measu-irements canrbe 

implemented An. a. real -time.. ^cpn^inuppso-^dj^stiBent mode 
by using low cost, microprocessor: p^r : ., t&rough-a jo.ne-time 
10 setting, that., is... accomplished ^during. r module test. The 
EE PROM 29 can be used. to. store preset t chip 
characteristics, such as. optimum drain current and 
expected output., at various.. stages .in . the RF circuit . 

The current measurement. senspr 22 also allows 
15 for diagnostics, of each amplifier , in, the circuit. r - : The 
t current measurem^t^ circuit unexpected 
drop or increase in current, draw. By monitoring the 
temperature sensor 26, the .microprocessor 28 determines 
whether a change, in current _ (Id) is. .caused by a 
20 temperature change or malfunctipn. The status of each 
. amplifier 16 is reported via the „ digital serial 
interface. . , v . ..... r ; _. • . 

In cases where DC ppwer .dissipation is a 
prime concern because of ^.thermal ^issues, any amplifiers 
25 16 can be adjusted via .the r gate. . bias ..control „ such that 
the amplifiers draw minimal current. ? user,, may select 
a maximum temperature, and the micro^rqcesspr will 
maintain the transceiver at or below that temperature 
by controlling the DC power dissipation ±p. the MMIC 6 
30 chips 

Traditional methods of controlling gain and 
output power in RF modules has been to use active 
attenuators in the transmit chain. This is inefficient 
because any amplifiers in the chain will dissipate 
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powerV 1 By ii'sing the -digital * potentiometer 20, the gain 
and output pd'wer of each 1 amplifier can be controlled 
individually' or in groups . The present invention 
allows the module" to ' have ' infinite control over gain 
5 1 ' and 1 " output- power; :) without - adding' active attenuators 
' v after 7 each- amplifier, - thus> reducing cost and 
elimlnat lrig~ unnecessary : De pbwer dissipation! 

1 s — : RF- power sensing "can be achieved through the 
power • monitor 1 diode- and 'detector circuit" 32 by coupling 
10 some of * the amplifier' output '£>ower "( 15 to 20" dB) into 
- :the passive * coupler 30. The output, of "the coupler ...is 
sensed by a diode"' 32a. 4 The output of the diode 32a is 
amplified and digitized via the serial A/D' converter . 

The "digital potentiometer 20, current sensor 
15 22 for each' amplifier, and the temperature sensor 26 

allows the module to self adjust its gain as a function 
of temperature changes. This is accomplished by 
maintaining the pre-set current draw from each 
amplifier constant as the module temperature changes. 
'20 With the present invention, the module gain and output 
power can "be controlled with high precision. 

A user' s "ability to program the module gain 
at any stage in the circuit chain provides the 
flexibility to trade-off key performance parameters, 
25 such" as transmitter noise figure (NF) versus 

intermodulation level (I'M) / without changing the 
circuit'^d'esign. " Real-time individual chip control also 
allows th'fe user to operate in a desired condition, such 
as a" iiiri^aaf mode for high modulation communications. 
"30 -"" J It should be" understood that the self- 

optimizatxbn technique bf the' present invention can 
' also be used on different* devices with the MMIC chip, 
such as a mixer, multipliers, and an attenuator. By 
pinching off (maximum negative gate' bias ) , all' 
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amplifiers. in the transmit chain, can .bp highly- 

.... attenuated, (oyer 50 ,.dB) (j . for ^safety .reasons, during 
installation. ..The- present f .iny.enfciqpr Requires no 
additional, .switches, or.. hardware^ ; s } . r , ... 

.5 -The use : . qf ,_ th,e , microprpcessor 28 and . th^e chip 

control; cirjcudLtSp.§s explained^ -a jppve s allows- the : module 
manufacturer- to epabler; onlyc those . features ;• that a 
customer, desires fp^ a t .parti cyj^ar application. 
Although., the module^ hardware-. ^s. 1 dentinal, - r the module 

10 features will . he^^ontroJlled ,by software. ^ . This allows 
.flexibility of . ysi.ng ..-jtJie same^^pd^vuLe, in .many ,^dif f erent 
applications, including wireless^ p^int-to-point, point 
to multi-point or Vsat. .Additionally, the. use of the 
microprocessor and .a standard .interfaces allows 

15 programmability and software upgrades; (for additional 

features) of the modules in the field without removing 

- :» • •> - . . ■ ^:\r Jauffcc ilea elr/oon: srfr -*i c-i.Ir 
them. 

The use of a microcontroller 14 with the 
associated microprocessor 28 and onboard EE PROM 29 

20 allow for correction and tuning of various functions 
within the module. s The corrections may include, but 
are not limited "to (a) gain, variation over temperature, 
(b) linearization of the power monitor circuit as a 
function of temperature and frequency,^ (c)_ f gain 

25 equalization as a functipn of frequency, and. (d) power 
attenuation linearization as a function of frequency 
and temperature . ^ .The use of cl microprocessor 28 to 
control each of the active devices with the RF module, 
and the use of the EEPROM 29 to store, correction 

30 factors,, allpw ,,a Jtiigh.. -degree pf f .flexibility and enables 
the module to. operate w : ith^ high/^ccura.cy. and 
performance... 4 Module, ^pharact^i^atiori... data, (gain, 
power, noise figure) are collected- over temperature and 
frequency, during module testing. ^The correction 

35 factors are calculated automatically by a Test Station 
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and -stored in the /EEPROM 29. ..The correction f actors 
are- u$e:d, during normal module operation to . provide a 
desired perforrnan.ee . • 

, '.. i : The present- invention also provides an 

;. ^5 . improved; MMIC chip: -package, as; .shown; in FIGS. 2 7 2A and 
... _2£,. ^The- MMIC paqkage 40 v has .-several advantages. 

.vji. ■ ... . ^Protection. o£~MMIC chips in coefficient 

, ' of thermal, .expansion i(CTE| jmatched packages , • 

. • ;2i v : Packaging; -of; MMIC chips; at very, low 
10 cost., ;; : ... , - v -_. ~. • -,. ; - - 

s . - . <- 7 _ 3 -_.; .Improved auto pick and placement , direct 
wire bonding and ribbon bonding, without causing damage 
. ........ to a fragile MMIC. . . . ri 

4. . . Improved chip- performance (isolation) 
.15 „ through -miniature packaging- . . 

r^5 & , r . An RF:.modul ( ^ : hp.using formed of. low cost 
material, , s.uch . as , aluminum. ; 

£10?. , 2 illustrates an exploded isometric view 
of the package 40, , and showing the MMIC . chip; 42 and a 
20 base plate 4.4 that, is : matched , as to its- coefficient of 
thermal expansion;. { CTE )■ with the MMIC. : A solder 
preform 46 is contained on the base plate 44 and the 
MMIC- is mounted ; pn .the solder ..preform 46. A chip cover 
. 48 covers the .-MMIC.- As ..shown, _the. base plate includes 
25 opposing, side rails ,44a that- extend along, a portion of 
formed : edges -to-- leave the end: areas open. The chip 
_ cover 48 ^includes ^opposing and two spaced overlap legs 

48a. The opposing side rails 44a and .overlap legs 48a 
are configured- such . that .when .the ;chip cover is placed 
30 over,, the r! MMIC... chip .42,. solder /preform- 4 6 and CTE 
: . - matched: base plate -44, ^the-'side rails and 7 overlap legs 
engagb - the v respective chip- cover and 1 base plate, as 
shown in FIGS . : 2A and -2B> to fbrm open areas at' the top 
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and side of the ' corners -arid 'to Teav'e ' exposred : any pads 
50 on the MMIC for. .wire rfnd -ribbon: -b^ndi'nrg- 1 thereto. 

The MMIC module produotiolh: kzan- bfe similar to 
:. surf ace mpunt itet^Hrforioigy by- ^a^kaging the MMIC chips to 
- ,'5_ facilitate haft-dling> of. lUe cKips% -TKe' ! bafee' y plate 44 is 

-f ormed "of low : co : st ^-CToef fdca^eht of Thermal'' Expansion 
- -1 -L \tCTE) 4 matched :jnateriarv such**»"a'£ a copper tungsten 

alloy>? CixW>? O3^.a^umin'iam^ilic r oh" '&l<Loy> >ALSi, having a 
*, thicknesa yof"' :aboiiti^ n^lSi-ftiii-P-'^he cover 48 can be made 
10 out of many types of material including plastic. A 1-2 
mil- solder .preform • (IstfclP-asP -^old tin) is received on 
the base pX ^t e 44 '. - The : cover - 48-- is ^hap>£(3 in such a 
manner that it does not cover' the chip 'input and output 
- pads and the DC' pads 1 ' (gatfe : ~ and "drain ) . 
15 The base plate ;:,: 44> the v cdver ni 48/^the solder 

oo ^^^rlforin ::v 4'6 and' 1 %ftW* lyfill^^'^Rips 42 ar6 delivered in 

waffle packs or similar pScklgifig'. '^^he'se packages are 
placed oh 'an r autdmatic ' pi6k arid "plade (P&P) machine, as 
known r to ' tliose" skilled in the 'aft f - The P&P machine is 
20 programmed -to pick 1 - tfte base ■ plate and place it in at: 
-waffle pack, '"'whicS can w be-used : at a high temperature 
- for eutectic- : s6idering - (such- as'-gratp'hite) f using 

.temperature^ ranges known tro those sTci-lled r iri the art. 
. The _Pj&'P machine rpicks Jand/plac£s.>'the^ so3li£&xF preform 46 
25, . -into ; the. basenplate 44. The MMIC chi'pr i^-. placed on top 
- •; of the .sol r der upref orra 46 .j ::The ? cover ~-i33~ placed over the 
.top o f "fch e ;C h i p - 42 m - - This' process -ts'^reffeated for every 
MMIC .chip. :*i a ->is~z ir/,,:i. c -j ^ sr'? - = 3* 

> : . - :;I;t :is */:est.±ma/ted rfchat cthe^-t^b^^- P&P per chip 

30 package would. ; take /about l^£seconds?*I^-Th£i .number of 

chips that can ;be- packaged ;isn ^ jd 'ay <usi'rig; a: single P&P 
. . machine, isj well -over 8-0OCK — JThe- eptire- waff le - pack with 
' the package assembly, • including; the: MMIC : chips, is 

placed in a eutectic solder oven to flow the solder and 
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attach' )fche^ chip » to the "base plate and attach the cover 
to itiie base- plate - ! : . '•' !«... - 1 -■ • 

FIGS. 3-5 illustrate an improved -radio 
; frequency transceiver" Module; using -thick film 
5 technology-, - such-^s the- low- temperature cofired ceramic 
J .zt ^technology 'known as green tape . More particularly, 
[ FIG.' 4 illustrates a- multilayer substrate board 50 

having different layers of low temperature transfer 
■ - tapfe technology- >LTTT) sheets; ' including a DC signals 
10 - la^er 52 - ground layer 54 = ; " imbedded capacitors and 

resistors layer 56, solder preform layer'58 and.„tpp 
: i- " ' layer 60: - 

FIG'. 3 illustrates how the different layers 
in FIG. 4 are combined to form a multilayer thick film 
15 substrate board 55 that is received on a base plate 62 
with i channelization plate 64 and radio frequency 
cover 66.' Isolation vias 67 are shown and illustrated. 
These vias can run across .multiple layers down to the 
ground layer. They can be. formed by techniques known 
20 to those skilled in the art. 

FIG. 5 showsa MMIC transceiver module 70 
with the waveguide interface 72 .built into the 
.. channelization, plate 64 and showing the intermediate 
frequency .outputs 74, -local oscillator input 76, 
2 5 intermediate frequency input 78 , various., DC pins 80 , 
; inpdule ^connectors . 82. c and. external connectors -84 on a 
CCA. ::j/: -_ Cl -.; : . ; , - t : .-. - 

: • - . , 3 Hie pre^nfrinvention- improves the MMIC 
: module, asse^Jy. : pr-ocess by using a low cost multilayer 
30 transfer ., tape, thick .film board; .50 for- attaching the 
MMIC chips 86 and embedding -all .the, peripherals and 
electrical . connections in. the: multilayer thick film. 
w The .present invention of fer -several, benefits . 
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• ; ;1- -r A new —use ^of Lqw % T^rnperature; -T.ransf er 

Tape Technology (LTTT) multi-layer: boaord :f or ^.MMW module 
.design and- fabrication. i; ~- r 

: ; ; 2 7 . : . S.implifi cation o£ MMIC modjul-.e assembly 
.,.5 by reducing; .part . .count; by a ^factor- of.' f-ive. • ; „ - 
i- 1 r -3-- . Reducing-operiphe-ral components: count by 

.embedding .all- ; re.ais..tor-s; and^capacitors. in* a multilayer 
....... thick, film board. t>1 . ... , v ,^ r , . •■ - - _ . 

. ; 4, Embedding electrical [ connect ipns in the 
10 multi-layer boa.rd, ., ther^e by reducing thg? number of wire 
.and ribbon bonds... _ , ... - - ... f j - f . .., 

1 ^ • 5. Using a planar module configuration for 

ease of assembly, .then attaching RF ..channelization 
after dies assembly.. 
15 6. Improving . RF isolation through 

channelization, compartmentalization and ground vias. 

7. Reducing housing cost by using wire-EDM 
"method for channelization, instead of machining. 
' 8. ^ Directly attaching' the SMA and 
20 K-connectors directly to"" thd "multilayer substrate 
board. " 

'MMIC module production is'made similar to 
surface mount technology 'by packaging the MMIC modules 
to : allow complete' automation * of "-thie assembly process. 
25 As shown in FIG.* -3, the ' module -is made up~of the base 
plate .62-, ' multilayer ^aXumi'ria sub'stra-t-er- SO' ''formed from 
r- the -layers,: a Ghahneli~zat r i : ori l -plat : e "6'4 '-and %r f cover 66. 

The base plate 62 is a gold plated flat sheet 
- - of; low; co'st-CTE- matched -materx^l, V such as Cooper 
,3 : 0 Turigsteri (CuW)-> abdut 1/8- iirch' '^hic-fer^Th^ one aspect of 
the invention . ^-The : plate -is : only " cStt fr " to : %ize and 
requires- n*a-: machihing.; -Crs ':>r*:- : >l . 

•. " : 'Thee mult ila.yer substrate- 'board 50- is 

fabricated* usift^ the Low- Temperature Transfer ' Tape 
35 (LTTT) technology, such as similar to the green tape 
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trechjiolpgy, Cas .well known, to those skilled in 'the art, 
similar to Xo;w* temper ature cofired ceramic (LTCC) 
sheets. 7 . The LTTT -processing closely follows -the steps 
: used- in, well, established multi-layer thick -film 
5.5 processing,: ;a:s -known to those skilled in. the art.- The 
; multiple; dielectric printing per layer is replaced by a 
: tape lamination, .s^ep.;. Both 1 gold and silver- conductor 
system's ^can^ be-. used with LTTT. . Interconnects and vias 
.-are;, formed by rt@chni.ques known * to those skilled in the 
10. art .;- t- . : ,- >..•?..: ■ ~ \. . ■ \, \ ■• 

Although the LTTT process . for., forming 
multi.layeroL5truct.ures... can- b.e ; applied to a wide variety 
:• of .dielectric materials and . substrate, the material 
selected for this - illustrated aspect of the present 
:15 - invention ,i§ a . standard 96% . alumina substrate. The 
special r a f ovulated -cond&ctQC ^materials are screen 
, printed -on -the ralumi-na substrate> using standard thick 
film equipment and processing techniques developed for 
forming conductive, interconnects and . interlayer vias. 
... 20 The tape, sheets are bonded to the substrate using a 
combination of heat , and pressure. , ... 

FIG. ,4 show an example of the type of layers 
that can .£>e used to form -the alumina :board. The number 
of layers,.. cart be as high ..as. -12. -^The. -layers could be 
25 formed. on ; a : base .substrate - (S) r as illustrated, of the 
type known, to those skilled in the art.- Each layer is 
: about, 2 tq : ,about 4.. mil ^thicfc, and \ typically about 3 mil 
thick, and can be. used to, carry low frequency RF 
s^gpaiS/^pC ^signals, ground, , or- embedded passive 
30 components,. . .such as. capacitors and resistors. 

Interconnect^ ; or. ground vias. can be implemented across 
one., or more layers, .of LTTT film. 

. , This multilayer LTTT alumina substrate is 
.particularly attractive for use with GaAs chip because 
35 of its CTE coefficient .(7.1). Also-, this material has 
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. . .excellent -thermal conduction (-25-200 \W7MK-) . - : The MMIC 

. GaAs. chips can :be attaiehed^direit:t4^£ to the- -Substrate 
, Using . .gold tin . solder -pre- forms" "or ^silver r - e^o^y. In 
cases ofi jthern^ ithe- £haps-may^ be" -attached 

:. - 5. directly to: > ;t!ti& i>a^e .plate using €TE»?matche^ Shims, or 
. <;-. pn.:top\of jthermali- via's~ithat ^re^-conrvected-i te>-the bottom 
v .surf _ace. : . These: .v±a si cah barbarities* -by-teGhnigu.ss known 
. .to.:tho;se -sJcilLed inT the. .art .o^ .For (base of -assembly and 
. ;. w.irej ,bonding.> the-ntxopt layqx/:i(3^b ^ mil 'thic^:^ will 
10 have cut-outs made exactly to the size of the chips 
(.see Figure S$.*z .vnc, j ~ 1 , ^ ■:: - ' 

The multilayer: substrate -Gosts^oii- the' average 
about $1. 5 . to $2 . 5>:per:= layer: pe£- asqtiar€^ indfc . "' Up to 
.275 vias_per square-:-inch are ; possibl6. 
15 - . The channelization -plat© 64, vinohe aspect of i& 

:\ .:: the ?. pr es ent : i n vg atei ? o £ & f § rme d * £ fr Ti %6%d pl-ated 9 
aluminum, although /cthei: materials ^£o£ltl "Ere used. The 
channels - 64a are cut -out- tising wif^^EDM ^methods 7 . The ^ 
channels 64a are "created -to pifovfde the isolation S* 
20 required between the transmit" -and : receiver signals and 
to generate a cut^bf f'-'to I'oweir e f requency signals. The 
• RF cover -is alse^ ma'de -of^gdl'd ^plated aluminum. 

FIG; 5 illustrartes a MMW' transceiver module 
including the-' j surf acl^outtt- circuit card "Wsembly (CCA) 
' 25 used : to : provide" the- 'regulator /con t'roller 7 function. The 
- SMA "connectors- are attach^ directly to -'the multilayer 
substrate /m The -RF d'rit-erf a r ce waveguide is" provided as 
'part of It?ie : chanhel : ii : at-iorir" ptatSfe 1 . J " f: ' : 1 

apife ^irk>dule> %H6wn? in T^EG-'/ S can • be assembled 
30 by the f o-I^twifc^^ example. 
^ : S-'«T''J- -Tic¥ aKd- placer aii c %h^ : f^C^ chips on to 

the multi-layer alumina Cubist rat^4* : u The iu&strate 
^ should have' aPI-1 -the- l^ow r ¥ ir'eqiu^ricy signals connections, 
DC connections/ ground connections, passive" devices 
-35 already embedded'* in- the layers and the solder pre-f orm. 



BNSDOCID: <WO 0223674A2J_> 



AVO 02/23674 



PCT/US01/26965 



-18- 

r .: 2 s : . : Pick v and? places 'the DC connector and the 
low frequency SMA connectors used for IF and LO 
0 . signals . : v . : r - ; : : . 

3 . Flow the solder- in ;a; vacuum . oven to 
5 attached the MMIC die and -the connectors to the 

. s,ubs.trate board-; v/ Silver, epo'xy. may • be used in place of 
the, solder ., j 0 ■ — ,• r -:- -■ . , - , . 

. - - i : v^.: Wire/wedge bond the MMIC chips .to the 

substrate board. 
.10 ' , T : : 5 '5. - .Attach,, the; substrate board to the base 
plate and the channelization plate using epoxy. 
;:■ 6 - Install.:. RF. ..cover.. 
7. Install the regulator/controller surface 

mount GGA. 

15 This application is., related to copending 

7 j;eo S^te.nt ;^ppM:eai;ions rentifeledy :r "MICROWAVE MONOLITHIC 

INTEGRATED CIRCUIT PACKAGE," and "SELF-TUNED MILLIMETER 
■■_ WAVE RF TRANSCEIVER MODULE , " which are filed on the 
same date -and "by the same assignee and inventors, the 
20 disclosures which are hereby incorporated by reference. 

Many mddifi cations and- other embodiments of 
the invention will-" T come -to " the mind of one skilled in 
the ; art* -having the benef it o-f : ~the teachings presented 
in the foregoing description's arid the "associated 
25«. drawings. " Therefore, : it is to be understood that the 
~: invention^ i^s-- "not- tt> be limitecl to the^ specific 

embodiments ' disclosed/ -and that the modifications and 
embodiments are intended- to* be i included : within" the 
: scope^of -' the ' dependent claims 1 . 
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" THAT WHICH- IS * CLAIMED IS: 

1. A thick film millimeter wave ■ ^transceiver 
module comprising :- " - '*.**-' wi _\' 

? ■ - s - ...baarei.plat'€; ■ • — > : ■ ~ f - s "*■■=• - 

: r * * : a.- multi-layer^ -substrate board -having- a 

plurality of layers of low temperature transfer tape 
and; received on said- base- piate> said layers comprising 
at least one of • ~ - ^ ~ ~ r s - ■ - - - 

-\ - a , DC' '-signals layer having signal tracks 
and connections:;.'/, J * e .:..:> c*- ? e/^ io 

a" ground "layer ■ having ground 
connections; ' r .; -: "~ r . 

a device layer having capacitors and 
resistors embedded., therein; " ^ - 
OXHT1^c;iv:m :* ~." j:^ f< tpp^ layer ^having ^^fec^ts "for deceiving 
MMIC ohips -therein; . 7*~:'i: : -~ V2 TIl'DHIO aircr* 

; . a solder pref orrtu layer si cheated between said 

device layer and said top .layer for -securing any MMIC 
.chips; and. . - t . ^r. . . -r -' 

a .channelization r £late . received over the 
; . multi-layer substr.ate -board, -and having channels formed 
. . to receive MjMIQ. chips and provide isolation between 
transmit f and .receive ^ignals;^;; -\:oz ? r z> \ " 

, 2.. , . A thick f ilm rmillimeter wa-ye_ transceiver 
module according to Claim .and-forther comprising 
..isolation, vi as -which ^xtend : , through multiple; layers 
. down to , the ground layer . ,; :r r V , :: e - : ? -iz-r ;':-c • ' 

3 . A thicks film- ..mil iimeter^ wayeo transceiver 
module according to Claim 1, and further comprising a 
radio frequency cover received over said channelization 
plate . 

4, A thick film millimeter wave transceiver 
module according to Claim 1, wherein each of said 
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layers.wathi^ said multi-layer ; s board is about 

2 to about 4 mil thick. 

- r 5 , : . , A .thick -film . millimeter wave transceiver 

module .according to .Claim; 4, wherein ; said layers are 
about 3 { mil thick.. r ; : L'jlz-. i ;: 

; ; - ■ ori, hxP^ c K S?-^ millimeter wave transceiver 

module according; tor Claim: 5, - wherein ; said: top la^ er is 
r about 4 mil. thick.. -, ; -, , e . : a.;;, 

: 7i • L^j thick, film millimeter; wave: transceiver 

module according to. Claim .1^ ; wherein said base plate is 
. .formed from- a CTE matched-material.' ;- • - : 

8. A thick film millimeter , wave transceiver 
module .according to Claim 1, wherein said base plate is 
about 0.1 to about 0.3 inches thick. 

9. A thick film, millimeter wave transceiver 
. c-mo.dule ••^acq^.rfding- to- ,.Glaim£.8>. .:wherein : -.said base plate is 
- -about 0 . 1 2 5r dnches thick. ^ - ; . . -,. — ; : ■- , 

: 10. v ,A multi-layer -thick , film substrate board 

used in transceiver modules comprising:. 

a plurality of -low temperature transfer tape 
layers, said layers comprising one-, of at least: 

r : r a DC -signals layer having DC signal 
tracks and connections; 

i. ■: ■...!. 3 a 5 ground layer- having ground 

connections^;-:;; - v. 

— • : : £ .;■ a- device layer, having capacitors and 

resistors- embedded; therein;; r - : ... .r , • _ •:. 

;_:;,3 . a^tpp :i layer that receives MMIC chips 
thereinf^and^ - .-.^r -_:.;«■-.; / • 

• r: j- -u.:: a, solder :: pref prm ..layer located between said 
device layer^and- sai.d- top layer ; fore securing ■ any MMIC 
chips received within the -, top . sheet . . ; • 

11- A multi-layer thick film substrate board 
according to Claim 10;. and .further ■ comprising isolation 
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:. ■: : vias which extend ■■th'rdtaghf- -multiple : layer s^-'dbW* to the 
ground layer. . >Ic. .. 1 . 0 . •; 

- r : l-Zv >-A r - : sub&Vrlat : Aboard according to Claim 10 , 

* wherein' -each^of -saicf la^rs withlhP s'aid rrarlti-Iayer 
substrate board is about 1 to- "about 4- mil thick. 
-■:■-«"• ■' -i3^ il A* substrkte- ; board according to Claim 12, 

2.*. \ wherein -said : layers > ire'- ; abou^ 7 3- ; mii thick;- - - c ; 

14. A substrate board 1 aecof ding 7 " tt>" Claim 10, 
.. wherein ■> said--t6p ! - "Layer : is : -a&'ofit-4 mil thick. 

. ; r hr.e ±.5^ ^ ^A-^ubst^at4 :) board according- to Claim 10, 
wherein said base -'plat^-is : formed froiri^a CMT-matched 
material.*'"" ■**'' : ; - -' u:..:- M": .r . - 

16. " - r A thick h film millimeter wai?e L transceiver 
module comprising: '.'u'ods- ;\ . 

• -base .plat-e : ;^ / 2 ;io-.f.- 

s.c eJ-^Iq -rcn-. d_t * - a -ifttal^£KLa$ei?- on # 

said base plate and havir£cp ! a plu#al^il5y- -^f layers of low 
temperature trarisfer- tape,- -said 'layers comprising one 
of at least s ■ «< 3'-".. is- ■*= : *. ;\. 

,a ^DC signals- layer- having DC signal 
tracks and -connect*ibrTS-; -'-y»'*' :-c 3:£;:=- r .e r ~ 
' i- - r - - --a* ground layter- having ground 

connections; • - ■ - • 

~ "a : device r layer having capacitors and 
resistors embedded therein*'- ■-•*-— --^ :J 

- .r a at « orie-TftllC? chip received on the 

substrate board and s'edureicP by- a- soi'der 3 connection 
. . -.thereto Hrrd- -op&ra^ivfely; 1 Connected to said layers; and 
a channelization plate received- Over the 
. formed :muiti?-lay<&^ having channels 

— : M formed to : receive ? M£3IC chips '-ahd^ provide ' isolation 
between transmit^ and £ee^ive^ s£<|haisY : 9 " " x 
- ./ - :l-7"*; ' A/ thi^kY.f ilm-millimeter wave transceiver 

. module :according. to ^laiiii 16, and "further comprising 



BNSDOCID: <WO 0223674A2_I_> 



WO 02/23*674 



PCT/lPS0i>26965 



-22- 

v ■ : isolation" via^ whicbr extend through multiple layers 
• -~ / ' down- td*^ the -ground layer f -" J . 

18. -A- thick film, millimeter wave transceiver 
modul^'-Mc&ordihg - to" €la : im'16, • arid further comprising a 
solder preform layer for securing the at least one MMIC 

zr to:: said Substrate board . •' 

19. A thick film millimeter wave transce ver 
module 1 -according to Claim 1 " 16y and further comprising a 
silver epoxy securing the at least' one : MMiC to the 

: ^ "stibstrate boa*rd*' ■ f -- v . = * 

20 . A jttiick"" film millimeter -wave transceiver 
. • Inbdiile- according t?6 Slaim 16/ and further comprising a 

radio frequency cover received ;r over said channelization 
plate. - - \ - ' : *.- :r •'•*•' 

21. A thick film millimeter wave transceiver 
module according to Claim 16, wherein each of said 
layers within said multi-layer substrate board is about 
2 to about 4 mil thick. 

22 / 4 A thick film millimeter wave transceiver 
module according to Claim 21, wherein said layers are 
about 3 mil thick. 

23. A thick film millimeter wave transceiver 
module according to Claim 16, wherein said base plate 
is formed from a CTE matched material. 

24. A thick film millimeter wave transceiver 
module according to Claim 23, wherein said base plate 
is about 0.1 to about 0.3 inches thick. 

25. A thick film millimeter wave transceiver 
module according to Claim 24, wherein said base plate 
is about 0.125 inches thick. 

26. A method of forming a thick film 
millimeter wave transceiver module comprising the steps 
of: 

forming a base plate; 
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f orming- a^^ulti -layer .s.ubstratesbpard having 
a plurality of layers . ^Q^/jlp^.tigspp^rature:: transfer tape; 

.-• repe.ivijig,- the substrate, board on the base 

: - v - plate, , wherein ; the ; substrate-; bjoarft. comprises one of at 

a DC signals- layer: hayingis.ignal tracks 
5 .and .connections; - T; . n j_ j-- a , ; 

• ....... ...... . ., a1 ., - ... a ground', layer JiaYing^grpiand- / 

. connections;- pr'i'-j::--^ a. — • . ; : 

a device layer having,, capacitors and 
resistors., embedded therein; 

. : a top layer having > outputs for; .-receiving 
MMIC chips therein; and- . v:* • i : ; 

securing the MMIC chip by solder. 
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-457) Abstract: A thick film millimeter wave 
rr^sceiver module includes a base plate 
and a multi-layer substrate board having 
a plurality of layers of low temperature 
tFansfcrnape received on : the base plate. 
The different. layers can vary. They can 
include a DC signals layer having signal 
tracks in connection; a ground layer having 
ground connections; a device layer having 
capacitors and resistors embedded therein; 
and a top layer having cut-outs for receiving 
MM1C chips therein. A solder preform layer 
is located between the device layer and the 
top layer for securing any MMIC chips. 
A channelization plate is received over the 
multi-layer substrate board and a channel is 
formed to receive MMIC chips and provide 
isolation between transmit and receive 
signals. 
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